Historical
In 1859 Charcot described lower extremity vascular insufficiency in a man with aneurysm of the aorta and he compared this with a similar situation found in a carriage-horse. Walking a short distance produced a painful limp ; rest brought prompt relief. The first published case of cauda equina compression produced by a herniated disc was described by Oppenheim & Kause in 1909, and Goldthwait observed that cauda equina compression could be precipitated by hyperextension of the low back.
The concept that spinal disease could produce symptoms that mimicked vascular intermittent claudication was first described by Dejerine (1911) . He described a 37-year old woman with a variable spastic paraparesis of one leg, with increased reflexes and extensor plantar responses brought on by walking. It was relieved by standing still for a few minutes and he deduced that there was intermittent ischaemia of the spinal cord due to vasculitis, which could by syphilitic. In 1947 Sarpyener first described a congenital stricture of the spinal canal leading to cauda equina compression.
Comparative
For many years the dachshund, Pekingese and bassett have been bred for achondroplastic features. The spinal canal is relatively narrower in dogs than man and the spinal cord terminates at L.6/7. Degenerative changes are more marked in chondrodystrophied dogs leading to premature calcification of up to 90% of the discs in a two-year old dachshund. Disc lesions occur mainly at the thoracolumbar junction, with annular rupture causing haemorrhage and an ischaemic cord lesion. Therefore the position is not analogous to man, but canine neurosurgery is enthusiastically tackled in America. Myelography, venography and discography are employed in diagnosis and extensive decompression operations are performed. Considerable ingenuity is shown in rehabilitation methods, including corsets and wheeled supports (Hoerlein 1978) .
Developmental
In achondroplasia there is a widespread disorder of enchondral bone formation. In the spine this leads to premature synostosis of the centre of ossification of the vertebral body with the centres for the laminae. There is both sagittal and transverse narrowing of the spinal canal. In the cervical spine this leads to cord compression which may be associated with hydrocephalus. ' There may be a marked gibbous due to wedging from T.12 to L.3. There is a marked narrowing of the lumbar canal exacerbated by thickened laminae and marked osteophytosis ( Figure 1 ). Alexander (1969) described two cases who deteriorated after local laminectomies and recommended extensive decompression from L.S to 0.11. In 1978 Biehl et al. described a case with electromyographic (EMG) evidence of denervation of L.3 and L.4 muscles, and the myelogram showed obstruction at L.l /2. The paucity of reports in the literature of decompression operations on achondroplastics suggests that even though this is a rare condition serious neurological compression is unusual, possibly due to slow evolution and restricted activity.
Genetic factors do not appear to exert much influence on canal measurements. However, Verughese & Quartey (1979) reported three brothers, all aged under 39 years, who presented with disabling sciatica from disc lesions. I am told by Miss Rosemary Powers of the British Museum of Natural History that the pigmy races appear to have normally proportioned vertebral development. Eisenstein (1978) , using a radiological method, compared white skeletons with black skeletons and found the latter to have less spacious canals, although there is apparently no evidence that the negro races are more prone to spinal stenosis.
Clinical features
Many papers have outlined the clinical syndrome and analysed the presenting features: Blau & Logue (1961) described 300 consecutive surgical cases, Epstein et al. (1962) 29 cases, and Dyck et al. (1977) 30 cases. . Pain and paraesthesiae start peripherally and extend upwards. They are often unilateral and affect one leg more than the other. The symptoms are aggravated by walking erect and may be reduced by stooping or bicycling with low handle-bars, thus increasing the anteroposterior diameter of the canal. They are relieved by sitting or lying down, and sometimes by standing still. Up to a third of patients describe temporary weakness and there may be transient neurological signs, such as reflex depression and weakness. The presence of normal pedal pulses at rest and after exercise strongly suggests a neurogenic cause. It should be stressed that hysteria is often suspected and very many cases must have been missed in the past, but hopefully more will be recognized in the future.
I have seen two cases with 'champagne-bottle' legs and pes cavus simulating a chronic neuropathy, such as peroneal muscular atrophy. Case I ( Figure 2 ) was a man aged 65 years who had an L.3/4 laminectomy performed for spinal stenosis and a large sequestered L.4/5 disc removed. Susequently his walking deteriorated and he underwent transurethral resection (TUR) for prostatism. Subsequent myelography indicated a compressive arachnoiditis, which was thought unlikely to be relieved by further surgery and he remains under review. 
Prostatism
Occasionally sphincter disturbance is mentioned in reports, but my impression is that prostatism is relatively common and has been a recently acquired feature in a number of male cases, and usually requires TUR. Retention may occur in relation to decompression, and may be precipitated by myelography, which will require urgent surgical intervention, but fortunately spontaneous incontinence is most unusual. Blau & Rushworth (1958) demonstrated that when one hind limb of a mouse was exercised electrically there was a visible vasodilatation of blood vessels in the localized ipsilateral region of the cord. Evans (1964) showed that patients claudicated sooner when breathing 12% oxygen and improved when breathing pure oxygen.
Mechanisms
In the Department of Rheumatology at St Thomas' Hospital, an attempt was made to distinguish mechanical compression from ischaemia by static cycling erect and recumbent, but the results were inconclusive. Early cases may well be the result of caudal ischaemia. This is supported by the fact that spinal vascular tumours may give rise to pain and weakness in the legs related to exercise (Aminoff & Logue 1974) .
Verbiest (1955) devised a caliper to measure the anteroposterior diameter of the canal at operation and measured the interpedicular distances on X-rays. In six cases (of whom two were brothers) the interpedicular distance was normal compared with controls. The anteroposterior diameters were reduced, particularly at the lower levels compared with normal skeletons.
In a symposium on spinal stenosis, Arnoldi (1976) Paine (1976) , in a most informative article in the same symposium, correlated the clinical features with the operative findings in 455 cases subjected to laminectomy. He compared patients with simple disc protrusions with those with degenerative and developmental spinal stenosis and made these useful conclusions: males are more commonly affected than females, the ratio being greatest when spinal stenosis is present; in general, patients present earlier with back symptoms from disc protrusion than from spinal stenosis. Leg pain tends to be more acute in disc prolapse and rather more often bilateral in stenosis, although in spinal stenosis the pain is not always bilateral; although it is not mentioned how this was assessed, there is more frequent involvement of more than one nerve root (multiradicular) and bilateral root involvement in spinal stenosis; both with disc protrusion and stenosis the commonest roots to be involved are L.S and S.I. L.3 and LA root involvement is more common in stenosis and L.2 involvement was only seen in spinal stenosis.
Associated conditions Rheumatoid
In 1952 Bagenstoss et al. described rheumatoid granulomatous discitis, and in 1961 Lorber et al. described osteolytic vertebral lesions in rheumatoid, Friedmann (1970) described the case of a 42-year old male with rheumatoid arthritis who had left leg pain, intensified by standing and walking. A myelogram demonstrated an extradural defect at LA and L.S. At laminectomy a large nodular mass was excised, which was negative for tuberculosis and showed typical rheumatoid nodules with central necrosis and palisade formation.
In 1978 Magnaes & Hauge from Norway described two cases. One, a woman aged 54 years on steroids for nine years, developed bilateral sciatica with paraesthesiae and weakness, which was worse when standing or walking erect. She could only walk stooped on crutches. The radiculogram showed marked. narrowing of the lumbar cord in extension. At laminectomy marked thickening of the laminae, flaval ligaments and joint capsules due to infiltration of rheumatoid granulation tissue was found. They estimate that involvement of the lumbar spine occurs in 5% of rheumatoid patients. Compression may arise when superimposed on preexisting lumbar stenosis.
Diabetes I am not aware that the association between diabetes and spinal stenosis has been discussed before. The main toxic effect of prolonged hyperglycaemia is to produce segmental demyelinization along motor and sensory fibres. This produces the following syndromes: symmetrical distal motor-sensory neuropathy; entrapment neuropathy, such as carpal, tarsal or cubital tunnel compression; mononeuritis multiplex; autonomic neuropathy, myelopathy (Garland 1955) ; radiculopathy (Child & Yates 1978) .
Diabetic nerves are obviously sensitive to ischaemia and pressure. It is then to be expected that diabetic neuropathy will increase the susceptibility of the cauda equina to the compression of congenital or acquired canal stenosis. I have seen several patients with unusually severe leg weakness attributed to diabetic neuropathy who have been found at radiculography to have associated spinal stenosis. Both conditions tend to give rise to painful weakness in the legs.
Case 2, a female diabetic aged 73 years, was referred for EMG. There were signs of peripheral neuropathy and a right foot-drop. There was EMG evidence of impaired motor and sensory conduction. Denervation potentials were present in L.5 muscles bilaterally and in the paraspinal muscles. This indicated radicular involvement, and a myelogram showed spinal stenosis. Decompression was performed after some deliberation. Subsequently'she is able to walk with a caliper and her condition has not deteriorated.
Paget's disease
Paget's disease of the spine occasionally produces severe canal stenosis. In case 3, a man aged 57 years, Paget's disease of the forearm was diagnosed in 1949. In 1978 he experienced right sciatica at a walking distance of 600 yards, which deteriorated to 100 yards. Treatment with calcitonin on five days weekly commenced. Computerized tomography showed stenosis of the lumbar canal ( Figure 4 ) and indentation at 0.6/7 and 0.9/10 levels, although the cervical canal was normal. Because of this widespread involvement surgery was deferred. Now he has noticed slow improvement on calcitonin and he can walk up to one-and-a-half miles on the flat.
Spinal stenosis is also reported in fluorosis which occurs in areas such as North Yemen where the water fluorine content is up to ten parts per million, and back pain is a common symptom. 
Arachnoiditis
In 1978 Epstein et al. described arachnoiditis complicating spinal stenosis in 5 patients with the symptoms and signs of lumbar stenosis. This was confirmed by finding a total block on radiculography. At laminectomy the dura was found to be unexpectedly thick. Laminectomy, foraminectomy and discectomy gave' significant relief of symptoms. In spite of this, postoperative X-rays showed no caudal passage of contrast. The stenosis was thought to be due to degeneration in two patients; spinal fusion in one; a large disc protrusion in one; and degenerative spondylolisthesis in one. This paper indicates that the widespread nihilistic attitude to arachnoiditis may not be justified and that aggressive decompression may help in cases where stenosis and arachnoiditis coexist. As in the case mentioned previously, arachnoiditis may develop postoperatively, suggesting restenosis. Arachnoiditis may also be produced by contrast radiology.
Vascular
The classical story of spinal stenosis is that of claudication with normal peripheral pulses. However, it must be stressed that many patients are elderly and may have impaired peripheral pulses even though the significant lesion is unrecognized canal stenosis. Such patients will not gain significant relief from vascular surgery.
However, a contrary situation arises with a leaking pelvic aneurysm. In two cases I have seen there has been severe ischaemic claudication, but in addition there was extravertebral compression of the left lumbosacral plexus, giving rise to multisegmental denervation. In both cases the ESR was raised. Another patient of mine had incapacitating c1audicating symptoms but normal peripheral pulses. A radiculogram was normal, but computerized tomography revealed an unexpected aneurysmal dilation of the aorta.
Of thirty or so cases that I have managed in the last ten years, three have presented with additional symptoms of polymyalgia rheumatica, with severe shoulder, hip and girdle pains and elevated sedimentation rates. One could postulate that inflammatory arteritis affecting the lumbar and spinal medium-sized arteries adds to the ischaemia from stenosis.
Case 4 presented in 1977 with polymyalgia of neck, shoulders and thighs and the ESR was elevated at 60 mm per hour. There was a good response to prednisone and the ESR fell to normal. In 1979 I was asked to see him because of increasing thigh and hip pain on exercise, associated with a normal ESR. This clinical picture suggested the possibility of spinal stenosis, which was confirmed at L.3/4 by a radiculogram. Because of psychiatric problems a conservative regime of dieting and a surgical corset was followed, with considerable improvement.
Investigations

Radiographic techniques
Standard X-rays are seldom of help as on anteroposterior views the interpedicular distance is usually normal, and on lateral views the spinal canal margins are often indistinct, particularly at the relevant lower lumbar levels in spondylotic spines. Lateral midline tomograms are only occasionally satisfactory.
Ultrasound: Porter (1980) has used ultrasonography through the laminar 'window' to measure the oblique diameter of the spinal canal. A highly specialized team produced reproducible results in 73 young patients with disabling symptoms from disc pathology. The majority were found to have relatively narrower canals (average 2 mm less) than symptomless young patients.
In cases suspected of spinal stenosis the technique may be of some help in initial assessment. However, my experienced radiological colleagues have found it disappointing. In older patients with thickened laminae it is difficult to get reliable readings at the lower levels, the key region, flaval thickening cannot be identified, nor can it be used in post-laminectomy patients.
Computerized tomography: The role of computerized tomography in assessing canal stenosis has been described by Isherwood & Antoun(l980). In my experience it is of value as a noninvasive method of assessing the total cross-sectional area of the bony canal. Marked constriction can easily be recognized (Figure 4 ) but in borderline cases it is difficult to allow for the angulation of the lumbar lordosis. However, to evaluate the compressive effects on neural tissue, contrast must be injected. Myodil is so dense that it produces confusing computer artefacts. The water-soluble contrast metrizamide is rapidly dispersed, and the pictures obtained are not always satisfactory. Because of its irritant effects only a single injection can safely be made and we prefer to reserve that for radiculography.
Vertebral venography: This involves the synchronous cannulation of a lumbar and sacral vein.
It is probably too time-consuming for the routine investigation of spinal stenosis but it may be the best technique for revealing root entrapment in the lateral recess (Theron & Moret 1978) .
Radiculography : In a busy general diagnostic department radiculography is the single most reliable method in assessing spinal stenosis, due both to bony and soft tissues. Cerebrospinal fluid must be taken for protein estimation which will subsequently be distorted by the irritant effect of the contrast. In addition to the routine procedure when stenosis is suspected, a supine lateral view is necessary to delineate the back of the canal clearly. An erect lateral in full extension is also essential. Sortland et at (1977) have shown in 63 patients that the lower limit of normal of the anteroposterior diameter, when the spine is extended, is 15 mm. Less than 10 mm suggests stenosis, largely due to bulging in of thickened ligamentum flavum.
Electrodiagnosis
There is very little published work on the important role of electrodiagnosis in the assessment and management of spinal stenosis. Figure 5 depicts the neuroanatomical relationships of disc pathology to the motor and sensory roots. The posterior primary ramus supplies the paraspinal muscles. If denervation potentials are detected here this will indicate intraspinal pathology. These proximal muscles are not usually affected in neuronal dying back processes such as motor neurone disease or peroneal muscular atrophy. However, sacrospinalis is arranged so there is great scatter in the segmental level of its innervation -thus absence of fibrillation is of little significance.
Intraspinal lesions, and usually discs, will produce compression of the central sensory process proximal to the sensory ganglion. Sensory action potentials arising from the distal sensory process will be preserved in the presence of sensory loss. However, the more lateral the entrapment the more likely that the ganglion and the distal sensory neurone will be involved, and the sensory action potential will be affected. Segmental EMG consists of examining muscles in both limbs predominantly innervated by each spinal segment for characteristic fibrillation potentials and positive sharp waves of denervation. Less specifically large isolated motor unit potentials are present on volition. With intraspinal lesions, conduction along surviving motor and sensory fibres is usually normal.
In spinal stenosis no specific picture emerges. Cases range from those with chronic limb wasting, 'lumbar progressive muscular atrophy', to the finding of multisegmental bilateral denervation in cases with apparently normal muscle power. With the added criteria of polyphasic potentials, Jacobson (1976) showed that one-third of patients with proven stenotic canals and unilateral symptoms had bilateral EMG abnormalities.
Case 5, a man aged 64 years, presented in 1977 with pain and paraesthesiae of the legs at a walking distance of 30 yards. Both ankle jerks were absent, but no motor or sensory loss could be found. A myodil myelogram showed a large LA protrusion with localized narrowing of the spinal canal. Denervation potentials were found in L.4/5 and S.l muscles on the right and L.5 on the left. As he had to look after a sick wife he declined the offer of surgery. In 1980 his condition was little changed. He has to sit down after walking 22 yards, and his legs tend to give way ifhe turns suddently. He has nocturia once or twice nightly. The EMG findings were essentially unchanged, and the right sural volley was preserved. This indicates that even where stenosis is sufficient to produce neuropathy the condition may well remain static. Leyshon et al. (i 981) have indicated the value of the H and ankle reflex times in unilateral bony lumbar root entrapment. However, in most cases of spinal stenosis both ankle jerks are often absent and similarly the contralateral limb is usually not normal for measuring the F reflex time from L.5 muscles.
Thus, an adequate EMG examination in a case of possible spinal stenosis must include the examination of paraspinal muscles, multiple muscles in both legs and the sural sensory or the common peroneal mixed action potentials. Its value lies in providing objective evidence of nerve root damage and of its extent when clinical findings may be equivocal. Surgery Wiltse et al. (1976) have outlined the principles of surgery, which need not concern us here in detail. Both laminae and spines are removed throughout the stenotic region. Great care is taken to decompress the nerve root as far laterally as possible, particularly when pain is unilateral. Fusion is seldom employed, except in patients below the age of sixty years with degenerative spondylolisthesis where total posterior stability has been lost due to removal of the articular process. Results of surgery have been reviewed in a prospective study of 22 patients by Blau & Logue (1978) . Sixteen of their patients underwent laminectomy and after a mean of seven years II of the 16 patients were totally free of symptoms. Four of the 16 had had a slight recurrence: one was not helped, and three required reoperation to relieve a restenosis -one after a lapse of as much as eleven years. Blau & Logue stress that usually surgery is not urgent. Two patients in their series were not operated upon -one showed slight deterioration and another showed some slight improvements.
Case 6, a bookmaker aged 72, had increasing bilateral leg pain and numbness at a walking distance of 400 yards. EMG showed bilateral L.5/S.1 denervation and in the paraspinal muscles. Tomograms confirmed spinal stenosis, but surgery was declined. By the following year his walking distance increased spontaneously to one mile.
Lateral recess entrapment Choudhury & Taylor (1977) described 28 cases with unilateral or bilateral root pain and essentially normal myelograms, with normal canal dimensions. In all cases nerve roots were found incarcerated in stenosed lateral recesses by hypertrophic facet joints. Decompression by unroofing the lateral recesses produced relief. Confusingly, they proposed the term 'occult' spinal stenosis. Getty et al. (1981) described 78 patients with bony entrapment of lumbar nerve roots. Persistent root pain affected 96%, with a claudication story in only 17%. Characteristically straight-leg-raise was little affected but half the patients had a neurological deficit. Decompression by an under-cutting facetectomy produced relief in 85% of patients, without producing instability. Bilateral decompression was required in only 20%.
As mentioned earlier, diagnosis is difficult since radiculography does not extend far enough laterally. As previously shown, venography extends more laterally, but this technique has not gained enthusiastic support in the United Kingdom. Segmental EMG is believed to be the most helpful aid in indicating objective evidence of root trapping, even when signs are minimal (A Young 1980, personal communication) .
Conclusion
The possiblity of spinal stenosis must be kept in mind, since it is a potentially correctible lesion which, in elderly patients, can co-exist with other more obvious disease. Careful electrodiagnosis will often yield useful information. Skilled radiculography is the main diagnostic tool. Hopefully, the advent of newer contrast material will further reduce the occasional unpleasant sequelae.
